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PLASTIC DEFORMATION AND RECRYSTALLIZATION OF REFACTORY COMPOUNDS 

I. P. Kushtalova, A. N. Ivanov 
( I n s t i t u t e  f o r  t he  Problems of t h e  Study of Materials of t h e  

USSR Academy of Sciences) 

ABSTRACT. The au thors  s tud ied  t h e  e f f e c t  of p l a s t i c  
deformation on t h e  p r o p e r t i e s  of r e f r a c t o r y  compounds. The 
tests were c a r r i e d  out  by t h e  roentgenographic method and 
measurement of microhardness. 

Seve ra l  t h e o r e t i c a l  and experimental  s t u d i e s  (Ref. 1 - 3 )  have been devoted /13* 
t o  i n v e s t i g a t i n g  t h e  processes  occurr ing  i n  t h e  s u r f a c e  l a y e r  of r e f a c t o r y  
compounds when they are t r e a t e d  on pol i sh ing  machines and when they are s t r i p p e d  
wi th  ab ras ive  d i sks .  Since p l a s t i c  deformation i s  one of t h e  most complex 
phys ica l  p rocesses  occurr ing i n  s o l i d  bodies ,  t h e  n a t u r e  of t h i s  process  has  
s t i l l  n o t  been adequately explained.  

This  a r t ic le  i n v e s t i g a t e s  t h e  inf luence  of s u r f a c e  cold working upon t h e  
p r o p e r t i e s  of t h e  r e f a c t o r y  compounds. C y l i n d r i c a l  samples which were 
prepared by h o t  p re s s ing  from powders of the r e f a c t o r y  compounds were s tud ied .  
Samples w i t h  t h e  smallest p o r o s i t y  (2-5%) were se l ec t ed .  
working of t h e  samples w a s  performed by pofishing t h e m  on a plane-pol ishing 3 6 7 1  
machine w i t h  K316SMlK d i s k s  and on a AS0 16-B1-50 po l i sh ing  machine wi th  t h e  f o l -  
lowing p r o p e r t i e s  V 

p o l i s h i n g  depth of 0.03 mm. 

The s u r f a c e  co ld  

= 35 m/sec, vst = 4 m/min, Vtrans = 0.6 mm/doub. pass  wi th  a cr 

The samples were s tud ied  by t h e  microhardness method, and by metal and 
x-ray ana lyses .  

The x-ray photographs were recorded i n  order  t o  determine t h e  r e c r y s t a l l i z a -  
t i o n  temperature  i n  a RKD chamber wi th  a diameter  of 57.3 mm. 
s e c t i o n  w a s  arranged a t  an  ang le  of 20-25' t o  t h e  i n c i d e n t  bundle of x-rays. 
The x-ray photographs of a l l  the compounds which were s tud ied  were recorded,  
us ing  Cu-K - r ad ia t ion .  I n  o rde r  t o  reduce t h e  fog from t h e  secondary charac te r -  

i s t i c  r a d i a t i o n ,  two f i lms  were placed i n  t h e  chamber, and t h e  second f i l m  w a s  
employed i n  the s tudy.  
from p e n e t r a t i n g  t o  a depth exceeding t h e  th ickness  of t h e  l a y e r  sub jec t ed  t o  
cold working. 
on t h e  d i f f u s e d  l i n e s  of t h e  x-ray photographs ( t ab le ) .  

The pol i shed  

a 

Sof t  r a d i a t i o n  w a s  s e l e c t e d  -- i n  o rde r  t o  prevent  r ays  

The r e c r y s t a l l i z a t i o n  temperature w a s  determined from t h e  p o i n t s  

The r e f r a c t o r y  compounds were annealed i n  a vacuum of mm Hg. The 
f i g u r e  p r e s e n t s  graphs showing t h e  change i n  t h e  r e c r y s t a l l i z a t i o n  temperature  
w i t h  a change i n  t h e  du ra t ion  of i so thermal  exposures dur ing  anneal ing.  

A s  fo l lows  from t h e  d a t a  given i n  t h e  t a b l e ,  t h e  relative r e c r y s t a l l i z a -  /14 
t i o n  temperature  f o r  bor ides  and carb ides  is approximately t h e  same. However, 

* Note: Numbers i n  t h e  margin i n d i c a t e  pagina t ion  i n  the o r i g i n a l  fo re ign  t e x t .  
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CERTAIN CHARACTERISTICS OF RECRYSTALLIZATION PROCESSES FOR 
HIGH-MELTING COMPOUNDS 

Ref a c t o r y  
Compound 

Microhardness i n  Microhardness i n  T O K  T OK T /Tm 
t h e  Cold-Worked t h e  Rec rys t a l l i zed  r m r 
State,  dyne/mm2 S t a t e ,  dyne/mm2 

NbC 
Mo2C 

wc 
Z r B 2  

2636.2 + 100 
2403.8 - 100 

2903.9 - + 70 
2784 2 90 

1859 158 
1079 2 30 

2427.2 
2058.9 

2150 
1450 

1650 
1700 

t h e  r a t i o  T /T 

This  i s  appa ren t ly  r e l a t e d  t o  t h e  s t r u c t u r a l  changes i n  t h e  r e f a c t o r y  compounds 
during deformation,  and a l s o  t o  t h e i r  high combination energy,  as compared wi th  
more p l a s t i c  metals and a l l o y s .  

i s  c l o s e  t o  0.5, whereas f o r  metals it i s  0.3-0.4 (Ref. 4) .  r m  

The inc rease  i n  t h e  r e l a t i v e  r e c r y s t a l l i z a t i o n  
temperature of r e f a c t o r y  compounds, as compared 
w i t h  metals, can a l s o  b e  compared wi th  t h e  decrease  
i n  t h e  weight of t h e  non-local ized p o r t i o n  of t h e  
v a l e n t  metal e l e c t r o n s  f o r  compounds of metals 
w i t h  non-metals (Ref. 5).  Thus, i n  t h e  case of 
niobium carbide,  p a r t  of t h e  non-local ized 
e l e c t r o n s  of t h e  t i t an ium atoms changes i n t o  a 

of sp3-hybrid func t ions  of t h e  carbon atom bonds 
( t h i s  change i s  given i n  [Ref. 61) .  The same 
s i t u a t i o n  occurs  i n  t h e  case of molybdenum and 
tungsten carb ides ,  and a l s o  i n  t h e  case of zirconium 

1600 l3 
1400 

ii ;; 
30 . 60 90 l o c a l i z e d  s ta te ,  p a r t i c i p a t i n g  i n  t h e  formation 

Annealing t h e  I 
Dependence of t h e  Temp- 
e r a t u r e  a t  which Re- 
c r y s t a l l i z a t i o n  of 
High-Melting Compounds d ibo r ide .  
Occurs upon t h e  Annealing 

A decrease i n  t h e  weight  of t h e  non-local ized T i m e  : 
p o r t i o n  of v a l e n t  e l e c t r o n s ,  during t h e  formation 

1 - NbC,  2 - Z r B 2 ,  of compounds of t r a n s i t i o n  metals wi th  non-transi-  
t i o n  meta ls ,  l i m i t s  t h e  p o s s i b i l i t y  of s++d-ex- 3 - WC, 4 - Mo2C 
change and inc reases  t h e  energy which i s  necessary 
t o  e x c i t e  s t a b l e  conf igu ra t ions  formed by t h e  

l o c a l i z e d  p a r t  of v a l e n t  e l e c t r o n s .  This l eads  t o  an  i n c r e a s e  i n  t h e  r a t i o  
Tr/Tm* 

4033 0.52 
2838 0.51 

3143 0.53 
3313 0.51 
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